a radioimmunoassay for thyroid-stimulating hormone stimulated his nascent interest in fundamental aspects of immune responses.
Bill's seminal scientific training was in the laboratory of Baruj Benacerraf at New York University. This group was then defining the genetic basis for immune responses against simple antigens, leading to the 1980 Nobel Prize in Medicine or Physiology to Benacerraf. The two men forged a strong relationship and moved together to the NIH when Benacerraf was asked to lead the Laboratory of Immunology of the National Institute of Allergy of Infectious Diseases (NIAID). However, after only two years, Benacerraf was recruited away to be Chair of Pathology at Harvard, and Bill succeeded him as the Chief of the Laboratory of Immunology at the age of 34, then the youngest laboratory chief ever appointed in the NIAID. Remarkably, Bill occupied this position for the next 45 years. During that time, he trained an impressive group of postdoctoral associates who have gone on to influence and lead immunological research around the world. These include, among others, Joe Davie, David Katz, Charlie Janeway, Jack Stobo, Ethan Shevach, Cliff Snapper, Don Mosier, Ron Schwartz, Fred Finkelman, Kim Bottomly, Mark Davis, Laurie Glimcher, Maureen Howard, Tony DeFranco, Steve Hedrick, Wayne Yokoyama, Larry Samelson, Jon Ashwell, Dan Longo, Drew Pardoll, Ellen Heber-Katz, Takashi Saito, and Robert Seder. Bill assembled a diverse and accomplished faculty in the Laboratory of Immunology (LI) that participated, along with their trainees, in the fabled "LI seminars" that took place each week and were characterized by animated discussions at the forefront of immunological thinking. Bill's leadership was also felt across the NIH campus, which developed during his career into one of the largest immunology research communities in the world. In 1993, Bill chaired the organizational meeting of the NIH "Immunology Interest Group," which continues to organize educational and research exchange activities among all NIH researchers and their staff. Perhaps Bill is best known to the international immunology community as the author of seven editions of his textbook, Fundamental Immunology (1), and as the founder of the Annual Review of Immunology (ARI), of which he was the Editor for 30 years. Bill also served as President of the American Association of Immunologists and the American Society of Clinical Investigation. A highlight of his career was his service to the United States as Director of the Office of AIDS Research (Fig. 1) . While exerting great efforts to organize the large and disparate US AIDS research portfolio, Bill constantly emphasized the long-term need for an HIV vaccine. As part of this agenda, Bill, together with Harold Varmus and Tony Fauci, promoted the creation of the Dale and Betty Bumpers Vaccine Research Center on the NIH campus, which has been highly successful in exploring avenues for a vaccine against this deadly pathogen, work that still continues.
Bill's scientific career spanned the crucial evolution of immunology in the latter half of the 20th century from a field dominated by theoretical and descriptive approaches to a molecular science, setting the stage for the remarkable immunotherapeutic advances now being achieved. Bill's early research focused on the difference between cellular and humoral immunity, using a hapten-carrier experimental system. He developed a quantitative assay and determined that the antigenic specificities of cellular responses and antibody responses were different, because of the involvement of T and B cells, respectively. In the early years, Bill's laboratory played a key role in demonstrating that B cells express membrane IgD as well as IgM, that these membrane Ig molecules serve as true receptors, and that there are both T-cell-dependent and T-cell-independent antibody responses, all fundamental concepts regarding antibody production. He led important studies on the nature of antigen recognition by T cells that presaged the definitive discovery of MHC restriction by Zinkernagel and Doherty. Bill then turned his attention to how B lymphocytes proliferated during immune responses, and discovered the involvement of specific secreted factors. These experiments led to his most important discovery, with his postdoctoral fellow Maureen Howard, of IL-4, which stimulates B-cell proliferation as well as antibody isotype switching. Bill also made important discoveries regarding the molecular requirements for differentiation of naïve T cells into Th1 and Th2 cells, and showed that IL-4 supports Ig class-switching in B cells to produce IgE. These observations elucidated the centrality of IL-4 in allergic diseases. At that time, with his postdoctoral colleague Mark Davis, Bill entered the molecular age by supporting Mark's independent and successful quest to clone the T-cell receptor. Bill went on to examine molecular aspects of cytokine-producing immune cells and how specific cytokines cause the differentiation of T cells into unique effector subtypes. This work occupied him until his death, with many exciting publications providing insight into these processes.
To many of us in the field, Bill Paul was the heart of immunology because of his optimism and enthusiasm for new ideas, and for his collegiality. For this he was richly rewarded with many accolades, including the American Association of Immunology Lifetime Achievement Award in 2002. He was a member of the National Academy of Sciences, serving on the Editorial Board of the Proceedings for many years. Bill was also a member of the National Academy of Medicine and the American Academy of Arts and Sciences. His intellectual vigor and effective mentoring of junior colleagues launched the careers of many important figures in modern immunology, for which he garnered the American Association of Immunology Excellence in Mentoring Award in 2014. As he often mentioned in public and highlighted in his retrospective in the Annual Reviews of Immunology (2), Bill lived by the concept of "tikun olam" from Judaism, which he translated as a call to "perfect the world." Bill fulfilled this aspiration as a leading figure in immunology for half a century and imparted this philosophy to the innumerable scientists who were influenced by him.
